Objectives: Lhermitte-Duclos disease (LDD), or dysplastic gangliocytoma of the cerebellum is a rare benign unilateral mass of the cerebellar cortex, characterized by a disarrangement of the normal cerebellar laminar cytoarchitecture and circumscribed enlargement of cerebellar folia. LDD was recently considered to be part of a multiple hamartoma-neoplasia syndrome [Cowden disease (CD)]. The debate whether LDD represents a neoplastic or hamartomatous lesion is still in progress.
L hermitte-Duclos disease (LDD), or dysplastic gangliocytoma of the cerebellum, is a rare benign condition characterized by a disarrangement of the normal cerebellar laminar cytoarchitecture and circumscribed enlargement of cerebellar folia. [1] [2] [3] [4] [5] [6] [7] [8] The disorder was first described in 1920 by Lhermitte and Duclos.
1,2 Subsequently, this entity was referred to by a variety of synonymous descriptions, such as diffuse ganglioneuroma of the cerebellar cortex, benign hypertrophy of the cerebellum, hamartoma of the cerebellum, granule cell hypertrophy of the cerebellum, Purkinjoma, gangliocytoma myelinicum diffusum of the cerebellum, or simply LDD. 1, 6, 9, 10 In recent years, a number of cases involving the association between LDD and Cowden syndrome (CS), an autosomal-dominant condition characterized by multiple hamartomas and neoplastic lesion in skin and internal organs, have been reported. 1, 2, 4, [11] [12] [13] [14] [15] [16] This association was first recognized by Padberg et al 16 in 1991 and Albrecht et al 15 in 1992. Padberg et al 16 stated that LDD and CS are a single phakomatosis. This association remains relatively unknown in the neurosurgery but is important because of the premalignant nature of the CS.
Nevertheless, the debate whether this cerebellar lesion represents a hamartoma or neoplasm is still in progress. The aim of the present study is to answer this question with review of the literature, and emphasize on clinical presentation, radiologic findings, surgical procedures, and histopathologic features of LDD.
CLINICAL PRESENTATION
The initial presentation of LDD, similar to other posterior fossa tumors, includes increased intracranial pressure, vomiting, intermittent headache, cerebellar dysfunction, noncommunicating hydrocephalus, unsteady gait, and impaired hearing. 1, 3, 9 A slowly progressive cerebellar syndrome is present in about 40% of patients. 17 Less frequent is the impairment of functions of cranial nerves, cervical pain, tinnutus, long-tract dysfunction, and orthostatic hypotension. 1, 4, 18, 19 Occasionally, patients present with sudden neurologic deterioration, either spontaneously or after surgical intervention, presumably as a result of acute or decompensated chronic occlusive hydrocephalus. 1, 6 The duration of symptoms ranges from 21 reported on an infant with a LDD, which was diagnosed by ultrasonography and confirmed by magnetic resonance imaging (MRI).
LDD most frequently presents in the third and fourth decades of life, 1, 6, 9, 11 but the age at clinical manifestation ranges from the neonatal period to the seventh decade.
2,3 However, Derrey et al 2 reported that LDD predominantly occurred in young adults. There is no definite sex predilection. 1, 5 Various additional abnormalities have been described in association with LDD. These include megalocephaly in about 50% of cases, megalencephaly, syringomyelia, skeletal anomalies, such as polydactylia and cranial asymmetry, multiple hamangioma, arteriovenous malformations of extremities, and mucocutaneous lesions. 1, 14, [22] [23] [24] Recently, thorough reviews of reported cases added new evidence to the suggestion that there is an apparently genetic association between LDD and CS. [1] [2] [3] [4] [11] [12] [13] [14] 25 CS, also called ''multiple hamartoma-neoplasia syndrome,'' was first described in 1963 by Lloyd and Dennis 26 and named for their patient Rachel Cowden. CS is an autosomal-dominant hereditary cancer syndrome, characterized by mucocutaneous lesions (facial papules, mucosal papillomas, and acral, palmar, and plantar keratosis) that usually become apparent by 20 years of age, and other systemic hamartomas associated with a high incidence of breast, thyroid, genitourinary tract, and endometrium malignancies. [1] [2] [3] [4] The pathognomonic skin lesion of CS is the trichilemmoma. 4, 27 Trichilemmoma, however, may be very discrete and can be taken for trivial warts, so that they are easily overlooked. In CS, other systemic hamartomas are frequently present, including thyroid goiters and adenomas, fibrocystic breast disease, gastrointestinal polyps, ovarian cysts, uterine leiomyomas, and cervical, vulvar, and prostatic lesions. 4 Other neoplasms complicating Cowden disease (CD) include melanoma, renal carcinoma, Merkel cell carcinoma, osteosarcoma, meningioma, and glioma. 2, 11, 28 Padberg et al 16 25, 31 The diagnosis of LD has been facilitated by the use of MRI, and the diagnosis of CD is confirmed by the search for germline mutations on the PTEN gene, It is now accepted that LD and CD can be associated. However, these 2 diseases could be a part of a single entity caused by an abnormality of a single gene or could be distinct entities.
NEURORADIOLOGIC FEATURES
The typical neuroimaging features of LDD are as a result of the indolent growth reflecting the generally benign biologic behavior of these lesions. LDD is typically unilateral, with a predilection for the left rather than the right cerebellar hemisphere. 2 Capone et al 32 reported the brainstem involvement. On computed tomography, LDD is usually seen as an isodense or low-density mass in the posterior cranial fossa, with no contrast enhancement; calcification may be present. 1, 3, 5, 7, 33 On MRI, LDD is typically seen as a lowsignal, nonenhancing mass on Tl-weighted images (Figs. 1A, B) . The lack of contrast enhancement suggests insignificant disturbances of the blood-brain barrier and/ or missing of extracellular edema.
1 On T2-weighted images, the laminated or folial pattern of alternating high and low signal intensity relative to cerebellar gray matter is more characteristic (Fig. 1C) . [3] [4] [5] [6] [7] 33 This pattern reflects the histologic finding of thickening and enlargement of the cortical folia. 1, 3, 5, 33 On T2-weighted images, the lesion is well circumscribed and sharply marginated from the surrounding normal tissue. 3, 7 The lesions demonstrate mass effect on the adjacent cerebellar parenchyma with occasional tonsillar herniation. 5 Neuroimaging studies also uniquently show a triventricular hydrocephalus responsible for a raised intracranial pressure. 2 It has been suggested that absence of contrast enhancement is an important diagnostic criterion, 5, 34, 35 but vascular enhancement in or around LDD has been reported. 33, [36] [37] [38] Spaargaren et al 7 also reported that contrast enhancement in LDD is due to venous proliferation within the lesion in the outer portions of the cerebellar cortex and to prominent draining veins. Kulkantrakorn et al 33 also proposed that in the immature cerebellum of the infant and neonate, the signal characteristics might not be well defined and these patients might not demonstrate the laminated appearance observed in adults. Functional imaging methods, such as positron emission tomography, single-photon emission computed tomography, and MR spectroscopy may give additional information about LDD pathophysiology. [39] [40] [41] [42] Perfusion-weighted image of the lesion demonstrates elevated regional cerebral blood volume and regional cerebral blood flow. 39 The lesion is seen as a hyperintense on diffusion-weighted image. 39 However, Moonis et al 5 also reported restricted diffusion on diffusion-weighted images. Areas of restricted diffusion may reflect the histopathologic finding of increased number and size of ganglion cells replacing the granular and purkinji cell layers. 5 Nagaraja et al 43 also reported the spectroscopy findings of LDD (low N-acetyl/creatine and N-acety1/ choline ratio) and concluded that LDD was more favorably toward a ''benign'' hamartoma rather than a tumor. However, metabolic study of LDD was reported by Pirotte et a1 41 and concluded that LDD is an active and evolving disease. In the future, these functional imaging modalities might be helpful in predicting the natural course of the lesion and, therefore, might influence the indication for surgical intervention.
On the basis of a comparison of the MRI features with histologic findings in patients with LDD, Meltzer et a1 35 concluded that most other cerebellar masses destroy the folia1 pattern and reveal enhancement. The uniqueness of these neuroimaging features suggested to some authors that an obligatory biopsy is unnecessary in asymptomatic patients. 33 
SURGICAL INTERVENTION
Surgery is definitely the therapeutic procedure commonly performed for the treatment of LDD. 1, 2, 4, 6, 9, 19, 14, 24 The outcome in patients who were not surgically treated was uniformly poor in early cases of LDD, obviously as a result of the progressive mass nature of the growing tumor process. 1 A suboccipital approach is the surgical procedure that is, generally performed, 1, 6, 9, 14 and an additional permanent ventricular shunt drainage occasionally preceded or followed tumor resection. 6, 14 These lesions are not clearly demarcated from normal cerebellar tissue precluding total surgical resection in most cases. 1, 2, 4 This is major technical problem during surgery. MRI is a useful tool to illustrate the extension of tumor growth preoperative1y. 24, 35, 33 Buhl et a1 8 reported that surgical removal with an open MRI unit would be a good indication.
LDD is histologically classified as WHO grade I, but has the propensity to progress or to recur after surgery. 39 However, according to some authors, the slow growth rate of LDD may permit survival over several years despite partial resection of the tumor.
14 Long symptomatic period over several years and the continued incidental autopsy findings of LDD in asymptomatic patients attribute to this assumption. 23 Owing to the benign nature of the LDD with a very small growth potential, radiation therapy should not be considered when in total excision of the tumor, thereby, achieving complete remission. At that time, the role of gamma knife irradiation in the treatment of the LDD was not yet intensively investigated to give appropriate conclusions about its therapeutic indication and effectiveness in these tumors.
HISTOPATHOLOGIC FINDINGS
LDD is characterized by a dysplastic enlargement of the cerebellar cortex.
Macroscopically, LDD appearance is that of expanded cerebellar folia that effaces the sulci. 1, 4, 5, 33 In most cases, the affected areas were found to be paler in color than the surrounding normal cerebellar cortex. 23 Cross-section shows a fair enlargement of the cerebellar cortex, sometimes extending into the vermis, with gross reduction or even absence of the central white matter. 1 Microscopically, there is a thickened granular layer because of massive replacement of the internal granular layer by large neuronal cells with vesicular nuclei and prominent nucleoli haphazardly oriented. The molecular layer is thickened by hyperplasia and hypertrophy of the myelinated fibers extending from abnormal cells into the granular layer. [1] [2] [3] [4] [5] [6] 23 Purkinje cells are scarce and myelinated axis of the cerebellum is atrophic. 1, 4, 6, 18 The contrast between hypermyelination of the superficial layer and atrophy of the central white matter gives the impression of an ''inversed cortex.'' 11 Calcareous deposits along small and very small vessels within the molecular layer of the cerebellar cortex were described as numerous. 23 Mitoses have not been reported. Recently, staining with monoclonal antibodies to cell nuclear antigens and measurements of deoxyribonucleic acid proliferation indices gave new evidence to the suggestion that LDD exhibits no proliferative activity. 44 Long symptomatic periods over many years before severe clinical deterioration and a long-term survival after surgical excision of the lesion underscore slow or even negligible growth of dysplastic cerebellar gangliocytoma.
14, 45 The histopathologic differential diagnosis includes glioma (especially subependymal giant cell astrocytoma) and conventional gangliocytoma. 1 
CONCLUSIONS
LDD is an unusual hamartomatous lesion of the cerebellar cortex. The slowly progressive pattern of clinical presentation, indolent growth of lesion the absence of mitotic figures, and lack of proliferation activity suggest the benign character of LDD. The reason of hypertrophic changes is still not known.
LDD can be associated with CD, or multiple hamartoma neoplasia syndrome. When the diagnosis of either one of these 2 disorders is established, it is imperative to search for the other disease, to detect early malignant lesions that occur in CD. 
